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FI1g.3
START POWER SUPPLY PROCESSING
>1] ACQUIRE POSITION INFORMATION

S2

15 POSITION INFORMATION
REGISTERED IN CORRESPONDENCE
RELATIONSHIP TABLE 7

g3 | IDENTIFY POWER RECEPTION
APPARATUS TO BE BLOCKED YES

REGISTER POWER RECEPTION
APPARATUS TO BE BLOCKED

NO

IN CORRESPONDENCE
RELATIONSHIP TABLE

o5| | POWER RECEPTION APPARATUS
DETERMINATION PROCESSING
S6 PERFORM POWER SUPPLY |

NO

o7 - END POWER SUPPLY

YES

END POWER SUPPLY PROCESSING
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Fig.5

S5 START POWER RECEPTION APPARATUS
DETERMINATION PROCESSING
S 11 COMPARE POSITION ACQUIRED AT STEP S1
WITH LATEST REGISTERED POSITION

POSITION ACQUIRED AT
STEP S1 # LATEST REGISTERED
POSITION 7

YES
313 ADD POSITION ACQUIRED AT STEP S1 TO
OBSTRUCTION POSITION HISTORY INFORMATION

SET TO LATEST REGISTERED POSITION
S14 POSITION ADDED TO OBSTRUCTION POSITION
HISTORY INFORMATION

S12 NO

IN OBSTRUCTION POSITION HISTORY INFORMATION,
ACQUIRE POWER RECEPTION APPARATUS ID

S15 1 CORRESPONDING TO POSITION THAT IS ONE
POSITION BEFORE LATEST REGISTERED POSITION

S18 QUTPUT POWER RECEPTION APPARATUS ID TO
DIRECTIVITY CONTROL UNIT
END POWER RECEPTION APPARATUS
DETERMINATION PROCESSING
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POWER SUPPLY APPARATUS AND POWER
SUPPLY SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

This 1s the U.S. national stage of application No. PCT/
JP2019028473, filed on Jul. 19, 2019. Priority of which 1s

claimed, the disclosure of i1s incorporated herein by refer-
ence.

TECHNICAL FIELD

The present invention relates to a power supply apparatus
and a power supply system.

BACKGROUND ART

Conventionally, there has been a technique for supplying
power wirelessly (for example, see patent literature 1). A
power supply apparatus outputs a radio wave, and a power
reception apparatus receirves the radio wave. By transmitting,
and recerving radio waves, power 1s supplied from the power
supply apparatus to the power reception apparatus.

CITATION LIST
Patent Literature

PTL1: JP149728/2016 A

SUMMARY OF INVENTION

A power supply apparatus according to a first aspect of the
present disclosure includes a power supply antenna, a direc-
tivity control unit, a position information acquisition unit,
and a control unit. The power supply antenna 1s configured
to emit, to a plurality of power reception apparatuses, a radio
wave that 1s based on a power supply signal. The directivity
control unit 1s configured to control directivity of the power
supply antenna. The position information acquisition unit 1s
configured to acquire position information indicating a posi-
tion of an obstruction moving between the power supply
antenna and at least one power reception apparatus of the
plurality of power reception apparatuses. Based on the
position information, the control unit 1s configured to deter-
mine a power reception apparatus, among the plurality of
power reception apparatuses, to which power 1s to be
supplied while avoiding the obstruction. The control unit 1s
also configured to control the directivity control unit to steer
the radio wave toward the determined power reception
apparatus.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram 1llustrating a schematic configuration
ol a power supply system according to an embodiment.

FIG. 2 1s a diagram 1llustrating a schematic configuration
of a power supply apparatus illustrated in FIG. 1.

FI1G. 3 1s a flowchart of a flow of power supply processing
performed by the power supply apparatus 1llustrated 1n FIG.
1.

FIG. 4 1s a diagram illustrating an example correspon-
dence relationship table illustrated 1n FIG. 2.

FIG. 5 1s a flowchart of a flow of power reception
apparatus determination unit processing performed by the
power supply apparatus illustrated in FIG. 1.
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FIG. 6 1s a diagram 1llustrating an example history infor-
mation table illustrated 1n FIG. 2.

FIG. 7 1s a diagram 1illustrating an example updated
history information table illustrated in FIG. 2.

FIG. 8 1s an illustration of a state 1n which a radio wave
output from the power supply apparatus 1s blocked by an
obstruction.

FIG. 9 1s an illustration of a state 1n which a radio wave
output from the power supply apparatus illustrated in FIG.
1 1s transmitted to the power reception apparatus without
being blocked by an obstruction.

FIG. 10 1s a diagram 1illustrating a schematic configuration
ol a power supply system according to another embodiment.

DESCRIPTION OF EMBODIMENTS

FIG. 1 1s a diagram 1illustrating a schematic configuration
of a power supply system 100 according to the present
embodiment. As illustrated in FIG. 1, the power supply
system 100 includes a plurality of power reception appara-
tuses 1, a power supply apparatus 10, and an obstruction
position detection apparatus 11. In the power supply system
100, the power supply apparatus 10 supplies power wire-
lessly to each of the power reception apparatuses 1.

In order to supply power, the power supply apparatus 10
outputs an electromagnetic wave (hereinafter referred to as
radio wave) to each power reception apparatus 1. Each
power reception apparatus 1 includes a power reception
antenna 1a. In the power reception apparatus 1, a radio wave
received by the power reception antenna 1a 1s converted into
clectrical energy. Thus, by the power reception antenna 1a
receiving a radio wave, the power reception apparatus 1 1s
able to receive a supply of power.

In the power supply system 100, an obstruction 2 moves.
For example, as illustrated in FIG. 1, the obstruction 2
moves along a direction 350. The obstruction 2 moves
between the power supply apparatus 10 and at least one or
more power reception apparatuses 1. In this respect, 1n the
configuration example 1illustrated 1n FIG. 1, the obstruction
2 moves between the power supply apparatus 10 (more
specifically, the power supply antenna 10a) and each power
reception apparatus 1 (more specifically, each power recep-
tion antenna 1a). By the movement of the obstruction 2, the
radio wave output from the power supply apparatus 10 1s

blocked.

For example, when the obstruction 2 exists between the
power supply apparatus 10 and a predetermined power
reception apparatus 1, the obstruction 2 blocks the radio
wave output from the power supply apparatus 10 to the
predetermined power reception apparatus 1. That i1s, the
obstruction 2 1s a moving tangible object in the power supply
system 100, and 1s capable of blocking radio waves output
from the power supply apparatus 10 to the power reception
apparatuses 1 in the power supply system 100. Thus, the
power supply from the power supply apparatus 10 to the
power reception apparatuses 1 can be blocked by the
obstruction 2.

The obstruction position detection apparatus 11 detects
the position of the moving obstruction 2. The obstruction
position detection apparatus 11 1s communicably connected
to the power supply apparatus 10. With this configuration,
the obstruction position detection apparatus 11 1s capable of
transmitting the detection result (position mformation mndi-
cating the position of the obstruction 2) to the power supply
apparatus 10. It 1s to be noted that the communication
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between the obstruction position detection apparatus 11 and
the power supply apparatus 10 may be wired communication
or wireless communication.

As the obstruction position detection apparatus 11, 1t 1s
possible to employ any of various sensors, examples includ-
ing a photoelectric sensor, a proximity sensor, an accelera-
tion sensor, and a pressure sensor. The obstruction position
detection apparatus 11 1s also capable of detecting the
position of the obstruction 2 using a signal from an RFID
(radio frequency identifier) mounted on the obstruction 2.
The obstruction position detection apparatus 11 may also be
a device that includes various radars and/or a camera 1n
order to detect the position of the obstruction 2.

FIG. 2 1s a diagram 1illustrating a specific configuration of
the power supply apparatus 10. Next, a configuration of the
power supply apparatus 10 will be described with reference
to FIG. 2.

The power supply apparatus 10, which supplies power
wirelessly to the power reception apparatuses 1, includes a
power supply antenna 10q, a position information acquisi-
tion unit 105, a processor 10c, a memory 104, a power
supply signal generation unit 10e, and a directivity control
unit 10f. The power supply antenna 10a, the position infor-
mation acquisition unit 105, the memory 10d, the power
supply signal generation unit 10e, and the directivity control
unit 10/ are connected to the processor 10c.

The power supply antenna 10a emits, to each of the
respective power reception apparatuses 1, a radio wave that
1s based on a power supply signal. For example, the power
supply antenna 10a may be an array antenna made up of a
plurality of element antennas.

The position information acquisition unit 105 1s a com-
munication unit, and 1s communicably connected to the
obstruction position detection apparatus 11. With this con-
figuration, the position information acquisition unit 1056
acquires the above-described position information, which 1s
the detection result acquired by the obstruction position
detection apparatus 11.

The power supply signal generation unit 10e includes a
high-frequency circuit that generates power supply signals.
In order to generate a power supply signal, the high-
frequency circuit performs various kinds of processing, such
as signal generation, distribution, amplification, and filter-
ng.

The directivity control unit 10f controls the directivity of
the power supply antenna 10a. As described later, the
directivity control unit 10/ controls the directivity of the
power supply antenna 10c4 so as to steer a radio wave to a
power reception apparatus (power-supply-target power
reception apparatus 1 to which power 1s to be supplied) 1
determined as power suppliable by the power reception
apparatus determination unit 10a. By controlling the direc-
tivity, the main beam of the radio wave emitted from the
power supply antenna 10q 1s directed to the power-supply-
target power reception apparatus 1. That 1s, 1n the radio wave
emitted from the power supply antenna 10a, the intensity of
the beam 1n the direction toward the power-supply-target
power reception apparatus 1 1s maximized.

The memory 104, which 1s a storage unit, stores various
types of data. The memory 104 includes, for example, a
random access memory (RAM) and a read only memory
(ROM). For example, the memory 10d stores various pro-
grams 1n a changeable manner. The memory 104 also stores,
in a changeable manner, a correspondence relationship table
D1 (see FIG. 4), which will be described later, and an
obstruction position history information table D2 (see FIG.
6 and FIG. 7), which will be described later.
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The processor 10c, which 1s a control unit, includes a CPU
(Central Processing Unit). For example, the processor 10c¢
reads programs and data stored 1n the memory 104. Based on
a program that has been read, the processor 10c¢ controls the
power supply antenna 10a, the position mformation acqui-
sition unit 105, the memory 104, the power supply signal
generation unit 10e, and the directivity control unit 10f to
execute a predetermined operation and a predetermined
function. Also based on a program that has been read, the
processor 10¢ performs predetermined calculation, analysis,
processing, and control 1 blocks 10c1 and 104, which are
implemented by the program in the processor 10c.

As illustrated 1n FIG. 2, the processor 10¢ according to the
present embodiment includes, as functional blocks, an over-
all control unit 10c1 and a power reception apparatus
determination unit 10c4.

According to power supply processing tlows (FIG. 3 and
FIG. 8), described later, the overall control unit 101 con-
trols operation timings of, for example, the position nfor-
mation acquisition unit 105, the memory 10d, the power
supply signal generation unit 10e, and the directivity control
umt 10/

Using the position information acquired by the position
information acquisition unit 106, the power reception appa-
ratus determination unit 10c4 determines a power-supply-
target power reception apparatus 1, among the plurality of
power reception apparatuses 1, to which power 1s to be
supplied. More specifically, the power reception apparatus
determination unit 10c4 determines the power-supply-target
power reception apparatus 1 using the position information
and the data stored 1n the memory 104 (the correspondence
relationship table D1 and the obstruction position history
information table D2).

The power-supply-target power reception apparatus 1
means a power reception apparatus 1 capable of receiving
wireless power supply from the power supply apparatus 10
while avoiding the obstruction 2 (without being affected by
radio wave blocking by the obstruction 2). Between the
determined power-supply-target power reception apparatus
1 and the power supply apparatus 10, the supply of radio
wave from the power supply apparatus 10 1s not interrupted
by the obstruction 2 existing at the position identified by the
position information.

The power reception apparatus determination unit 10c4
controls the directivity control unit 10/ to steer a radio wave
to the power-supply-target power reception apparatus 1. In
response to this control, the directivity control unit 10/
controls the directivity of the power supply antenna 10a to
steer the radio wave to the power-supply-target power
reception apparatus 1.

For example, when the power supply antenna 10q 1s the
above-described array antenna, the directivity control unit
10/ adjusts the phases and amplitudes of the power supply
signals to the element antennas. This ensures that the direc-
tivity of the radio wave emitted from the power supply
antenna 10a can be controlled. It 1s also possible that a
plurality of directivity patterns are set in the memory 104 1n
advance, and that the directivity control umit 10/ selects a
suitable pattern based on the position of the power-supply-
target power reception apparatus 1. It 1s also possible that the
power supply antenna 10a 1s provided on a rotary table, and
that the directivity control unit 10/ mechanically controls the
rotation of the rotary table to control the directivity of the
radio wave to be emitted.

Next, operations associated with the power supply pro-
cessing performed by the power supply apparatus 1 accord-
ing to the present embodiment will be described with
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reference to FIG. 3. FIG. 3 1s a flowchart of operations
associated with the power supply processing.

At step S1 1llustrated 1n FIG. 3, the position mnformation
acquisition umt 106 acquires position information (which
can be regarded as second position information indicating a
second position of the obstruction 2) from the obstruction
position detection apparatus 11. In this respect, as described
above, the position information indicates the position of the
obstruction 2 detected by the obstruction position detection
apparatus 11.

Next, at step S2, the processor 10¢ (for example, the
power reception apparatus determination unit 10c4) deter-
mines whether the position identified by the position nfor-
mation acquired at step S1 (heremnafter referred to as the
position acquired at step S1) is registered in the correspon-

dence relationship table D1, which 1s stored 1n the memory
104.

FIG. 4 1s an illustration of an example of the correspon-
dence relationship table D1, which 1s stored in the memory
104. The correspondence relationship table D1 1s created 1n
advance by a user belore the power supply processing
operation 1s started, for example. In the correspondence
relationship table D1, the position of the moving obstruction
2 1s correlated to the identifier of the power reception
apparatus 1 corresponding to the position. For example, 1n
the correspondence relationship table D1, the position of the
obstruction 2 1s correlated to the identifier of the power
reception apparatus 1 blocked by the obstruction 2 existing
at the position.

For example, in the example 1llustrated in FIG. 4, when
the position of the obstruction 2 1s a position A, the wireless
power supply from the power supply apparatus 10 to the
power reception apparatus 1 identified by an identifier 1D2
1s blocked by the obstruction 2 existing at the position A.
Similarly, when the position of the obstruction 2 1s a position
E, the wireless power supply from the power supply appa-
ratus 10 to the power reception apparatus 1 i1dentified by an
identifier 1D3 1s iterrupted by the obstruction 2 existing at
the position E.

Referring again to step S2 illustrated in FIG. 3, 1t 1s
assumed that the processor 10¢ determines that the position
acquired at step S1 1s not registered 1n the correspondence
relationship table D1 (NO at step S2). For example, when
the position acquired at step S1 15 a position K, the position
K 1s not registered 1n the correspondence relationship table
D1 illustrated in FIG. 4. In this case, the power supply
apparatus 10 notifies that the position acquired at step S1 1s
not included 1n the correspondence relationship table D1.

The user who recognizes the tlow of NO (the above-
described notification) at step S2 1dentifies the power recep-
tion apparatus 1 that 1s prevented from receiving power
supplied from the power supply apparatus 10 when the
obstruction 2 exists at the position acquired at step S1 (step
S3). Then, the user registers, in the correspondence rela-
tionship table D1, which 1s stored in the memory 104, the
unregistered position acquired at step S1 and the 1dentifier of
the power reception apparatus 1 identified at step S3 and
corresponding to the unregistered position (step S4). After
step S4, the processor 10c¢ starts the power reception appa-
ratus determination processing at step S5.

As opposed to the above-described case, 1t 1s assumed that
the processor 10¢ determines that the position acquired at
step S1 1s registered 1n the correspondence relationship table
D1 (YES at step S2). For example, when the position
acquired at step S1 1s a position B, the position B 1s
registered 1n the correspondence relationship table D1 illus-
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trated 1n FIG. 4. In this case, the processor 10¢ starts the
power reception apparatus determination processing at step

53,

FIG. § 1s a flowchart of a flow of a specific operations
performed by the processor 10¢ in the power reception
apparatus determination processing at step S3. The power
reception apparatus determination processing will be
described below with reference to FIG. 5.

At step S11 1illustrated in FIG. 5, the power reception
apparatus determination unit 10c¢ of the processor 10c4
compares the position acquired at step S1 with a “latest
registered position”, which 1s included in the obstruction
movement history information table (heremafter simply
referred to as history information table) D2. In this respect,
the history information table D2 1s stored in the memory
104. FIG. 6 1s an illustration of the history information table
D2, which 1s stored in the memory 10d. The history infor-
mation table D2 1s array data in which pieces of the position
information acquired by the position information acquisition
umt 105 are arranged 1n time series.

The history mformation table D2 exemplified 1n FIG. 6
indicates that the position information acquisition unit 105
has acquired the position information indicating the position
B, the position information indicating a position C, and the
position information indicating a position D in this order
(time series). In a case where the position information
acquisition unit 105 continuously receives position informa-
tion indicating the same position a plurality of times, only
the first position mformation, among the plurality of pieces
of continuous nformation indicating the same position, 1s
registered 1n the history information table D2. In the history
information table D2, the position indicated by the position
information registered last 1n time series i1s the above-
described latest registered position. For example, in the
history information table D2 illustrated in FIG. 6, the latest
registered position 1s the position D.

At step S12 illustrated in FIG. 5, as a result of the
comparison at step S11, the power reception apparatus
determination unit 10c4 determines whether the position
acquired at step S1 1s diflerent from the latest registered
position included in the history information table D2.

At step S12, 1t 1s assumed that the power reception
apparatus determination unit 10c4 determines that the posi-
tion acquired at step S1 1s different from the latest registered
position mcluded in the history information table D2 (YES
at step S12). For example, 1t 1s assumed that the position
acquired at step S1 1s the position E, and that the latest
registered position included in the history information table
D2 1s the position D, as illustrated 1n FIG. 6.

In this case, at step S13, the power reception apparatus
determination unit 10c4 additionally registers, in accordance
with the time-series order, the position information acquired
at step S1 1n the history iformation table D2, which 1is
stored 1n the memory 104. FIG. 7 illustrates a state 1n which
position information indicating the position E 1s registered in
the history information table D2, which 1s stored in the
memory 10d, 1in the above-described example.

After step S13, at step S14, the power reception apparatus
determination unit 10c4 newly sets the position indicated by
the position information added at step S13 as the latest
registered position. In the example illustrated 1n FIG. 7, the
latest registered position included 1n the history information
table D2 1s the position E.

After the processing at step S14, the power reception
apparatus determination unit 10c4 proceeds to the process-
ing at step S15, which will be described later.
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As opposed to the above-described case, at step S12, 1t 1s
assumed that the power reception apparatus determination
unit 10c4 determines that the position acquired at step S1
and the latest registered position included in the history
information table D2 are the same (NO at step S12). For
example, 1t 1s assumed that the position acquired at step S1
1s the position D and the latest registered position included
in the history mformation table D2 i1s the position D, as
illustrated 1n FIG. 6. In this case, the power reception
apparatus determination unit 10c4 proceeds to the process-
ing at step S15.

As can be seen from above-described steps S12, S13, and
S14, the history information table D2 1s updated as follows.
When the position identified by the position information
located at the end of the history information table D2 1n time
series 1s diflerent from the position identified by the position
information acquired at step S1, the position information
acquired at step S1 1s added to the end of the history
information table D2. In contrast, when the position identi-
fied by the position information located at the end of the
history information table D2 1n time series 1s the same as the
position 1dentified by the position information acquired at
step S1, the position mformation acquired at step S1 1s not
added to the end of the history information table D2.

Thus, every time the position information acquisition unit
106 acquires position information, the acquired position
information 1s not necessarily added to the end of the history
information table D2. When the position information acqui-
sition unit 105 acquires position information diflerent from
the position information at the end of the history information
table D2, the acquired position information 1s added to the
end of the history information table D2. It 1s to be noted that
the position identified by the position information located at
the end of the history information table D2 1s the above-
described latest registered position.

At step S135, the power reception apparatus determination
unit 10c4 refers to the history information table D2, which
1s stored in the memory 10d4. Then, the power reception
apparatus determination unit 10c4 acquires position infor-
mation (referred to as immediately preceding position infor-
mation) that 1s one position before (immediately before) the
latest registered position 1n time series in the history infor-
mation D2.

Here, 1t can be understood that the immediately preceding,
position 1nformation previously received by the position
information acquisition unit 105 1s first position information
indicating a {irst position of the obstruction 2. It can also be
understood that the position information received by the
position information acquisition unit 105 at the present time
(above-described step S1 in FIG. 3) 1s second position
information indicating a second position that 1s after the
obstruction 2 has moved from the first position. As can be
understood from the above description, the first position 1s
different from the second position.

The power reception apparatus determination unit 10c4
determines a position (the above-described first position)
identified by the immediately preceding position informa-
tion (the above-described first position information). For
example, 1n the example illustrated i FIG. 6, the latest
registered position 1s the position D, and the position 1den-
tified by the immediately preceding position iformation 1s
the position C. In the example illustrated 1n FIG. 7, the latest
registered position 1s the position E, and the position iden-
tified by the immediately preceding position information 1s
the position D.

Further at step S15, the power reception apparatus deter-
mination unit 10c4 determines the power-supply-target
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power reception apparatus 1 using the immediately preced-
ing position information and the correspondence relation-
ship table D1, which 1s stored in the memory 10d. Specifi-
cally, the power reception apparatus determination unit 10c4
refers to the correspondence relationship table D1. Then, by
this reference, the power reception apparatus determination
unit 10c4 determines the i1dentifier of the power reception
apparatus 1 corresponding to the position identified by the
immediately preceding position information. Then, the
power reception apparatus determination unit 10c4 deter-
mines, as the power-supply-target power reception appara-
tus 1, the power reception apparatus 1 identified by the
acquired 1dentifier.

For example, when the position 1dentified by the imme-
diately preceding position information 1s the position C 1n
the history information table D2 illustrated in FIG. 6, the
power reception apparatus determination unit 10c4 acquires
an 1dentifier 1D4 of the power reception apparatus 1 corre-
sponding to the position C 1n the correspondence relation-
ship table D1 1illustrated in FIG. 4. Then, the power reception
apparatus determination unit 10c4 determines, as the power-
supply-target power reception apparatus 1, the power recep-
tion apparatus 1 identified by the i1dentifier 1D4.

When, for example, the position identified by the 1mme-
diately preceding position imnformation 1s the position D 1n
the history information table D2 illustrated in FIG. 7, the
power reception apparatus determination unit 10c4 acquires
an 1dentifier ID1 of the power reception apparatus 1 corre-
sponding to the position D 1n the correspondence relation-
ship table D1 exemplified i FIG. 4. Then, the power
reception apparatus determination unit 10c4 determines, as
the power-supply-target power reception apparatus 1, the
power reception apparatus 1 1dentified by the identifier ID1.

Next, at step S16 1llustrated 1n FIG. §, the power reception
apparatus determination unit 10c4 outputs, to the directivity
control unit 10/, information including the i1dentifier of the
power-supply-target power reception apparatus 1 deter-
mined at step S15. In other words, the power reception
apparatus determination unit 10c4 controls the directivity
control unit 10/ to steer a radio wave to the power-supply-
target power reception apparatus 1 determined 1n step S15.

Thus, the power reception apparatus determination pro-
cessing at step S5 illustrated 1n FIG. 3 (allustrated 1n FIG. 5)
ends, and then the processing at step S6 illustrated in FIG.
3 1s performed. Specifically, at step S6, the directivity
control unit 10/ controls the directivity of the power supply
antenna 10c4 based on the control from the power reception
apparatus determination umt 10a.

By controlling the directivity, the main beam of the radio
wave output from the power supply antenna 10q 1s directed
to the power-supply-target power reception apparatus 1
determined by the power reception apparatus determination
unit 10c4. Then, the directivity control unit 10/ supplies the
radio wave generated by the power supply signal generation
unit 10e to the power supply antenna 10a. Thus, the power
supply antenna 10a 1s able to emit power toward the
power-supply-target power reception apparatus 1 deter-
mined at step S15 illustrated 1n FIG. 5. The power emitted
to the power-supply-target power reception apparatus 1 1s
not blocked by the obstruction 2.

Next, at step S7, the overall control unit 10c1 determines
whether a scheduled series of power supply processings has
ended. When the overall control umt 10c1 determines that
the scheduled series of power supply processings has not
ended (NO at step S7), the procedure returns to the process-
ing at step 1. In contrast, when the overall control unit 101
determines that the scheduled series of power supply pro-
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cessings has ended (YES at step S7), the power supply
apparatus 10 ends the power supply processing illustrated 1n
FIG. 3.

As described above, the power supply apparatus 10
according to the present embodiment included in the power
supply system 100 illustrated in FIG. 1 includes the power
supply antenna 10aq, the directivity control unit 10/, the
position imnformation acquisition unit 105, and the processor
10c. The power supply antenna 10aq emits, to each of the
plurality of power reception apparatuses 1, a radio wave that
1s based on a power supply signal. The directivity control
unit controls the directivity of the power supply antenna 10a.
The position information acquisition unit 105 acquires posi-
tion mnformation indicating the position of the obstruction 2
moving between the power supply antenna 10a and the
power reception apparatus 1. Based on the position infor-
mation, the processor 10¢ (power reception apparatus deter-
mination unit 10c4), which serves as a control unit, deter-
mines a power-supply-target power reception apparatus 1,
among the plurality of power reception apparatuses 1, to
which power 1s to be supplied while avoiding the obstruction
2. Further, the processor 10¢ (power reception apparatus
determination unit 10c4) controls the directivity control unit
10/ to steer a radio wave to this power-supply-target power
reception apparatus 1.

With this configuration, the power supply apparatus 10
according to the present embodiment acquires position
information indicating the position of the obstruction 2 at
cach power supply timing, thereby determining a power-
supply-target power reception apparatus 1, among the plu-
rality of power reception apparatuses 1, that 1s capable of
receiving a radio wave without blockage by the obstruction
2.

Further, the power supply apparatus 10 1s capable of
dynamically controlling the directivity of the power supply
antenna 10a by continuously acquiring position information
indicating the position of the moving obstruction 2. This
prevents interruption of the wireless power supply process-
ing performed between the power supply apparatus 10 and
the plurality of power reception apparatuses 1, regardless of
the presence of the moving obstruction 2. In other words,
even 1f there 1s a moving obstruction 2 that may interfere
with power supply, eflicient power supply processing 1s
performed between the power supply apparatus 10 and the
plurality of power reception apparatuses 1 without wireless
power supply being interrupted by the obstruction 2.

For example, assume a case where the power supply
apparatus 10 emits a radio wave to each power reception
apparatus 1 without the position of the moving obstruction
2 taken into consideration. In this case, a problem as
illustrated in FIG. 8 may occur. Specifically, as 1llustrated 1n
FIG. 8, there may be a problem 1n that radio waves emitted
from the power supply apparatus 10 to the power reception
apparatuses 1 are continuously blocked by the moving
obstruction 2. The example illustrated 1n FIG. 8 can be
understood as a least eflicient example 1n terms of power
supply.

In contrast, 1n the power supply apparatus 10 according to
the present embodiment, the power supply apparatus 10 1s
capable of, based on position information indicating the
position of the moving obstruction 2, continuously changing,
the directivity of a radio wave emitted from the power
supply apparatus 10, as described above. FIG. 9 exemplifies
a state 1n which using position mnformation indicating the
position of the moving obstruction 2, the power supply
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apparatus 10 dynamically controls the directivity of radio
waves emitted from the power supply antenna 10a while
avoiding the obstruction 2.

As 1llustrated 1n FIG. 9, when the power supply apparatus
10 according to the present embodiment emits a radio wave
to each power reception apparatus 1, the radio wave 1s not
blocked by the moving obstruction 2. FIG. 9 also illustrates
an example ol the correspondence relationship table D1,
which 1s stored in the memory 104, and examples of the
history information table D2 stored in the memory 104 at the
end of step S5 1n FIG. 3 and corresponding to time t1 to t4.

It 1s to be noted that when the power supply apparatus 10
according to the present embodiment 1s not employed, 1t 1s
necessary to, for example, determine and/or change the
installation locations of the power reception apparatuses 1
and the power supply apparatus 10 in consideration of
movement or the like of the obstruction 2, which i1s an
obstruction element for radio waves. When the number of
power reception apparatuses 1 increases, the degree of
freedom of their installation locations 1s limited, and 1t may
be dithicult to find appropnate installation locations. In light
of this situation, 1n the power supply apparatus 10 according
to the present embodiment, the directivity of the power
supply antenna 10a 1s dynamically controlled based on
position information idicating the position of the moving
obstruction 2, as described above. This ensures that the
installation of, for example, the power reception apparatuses
1 1s easily determined.

The power supply apparatus 10 according to the present
embodiment further includes the memory 104, which stores
the correspondence relationship table D1. After acquiring
position information indicating the past position of the
obstruction 2, the position mformation acquisition unit 105
acquires position information indicating the current position
of the obstruction 2 after movement. Further, at step S1
illustrated 1n FIG. 3, when the position information acqui-
sition umt 106 acquires the position mnformation indicating,
the current position of the obstruction 2, the processor 10c¢
(power reception apparatus determination unit 10c4) refers
to the correspondence relationship table D1 and determines
the identifier of the power-supply-target power reception
apparatus 1 corresponding to the position i1dentified by the
immediately preceding position information (step S15 1llus-
trated 1n FIG. §). Then, the processor 10¢ (power reception
apparatus determination umt 10c4) controls the directivity
control unit 10/to steer a radio wave to this power suppliable
power reception apparatus 1 (step S16 1n FIG. 5).

With this configuration, the power supply apparatus 10
according to the present embodiment 1s capable of automati-
cally determining the power-supply-target power reception
apparatus 1 based on the current position information,
acquisition history of the past position information (history
information table DD2), and the correspondence relationship
table D1. Accordingly, even 1f there i1s a change in the
movement pattern of the obstruction 2, the power-supply-
target power reception apparatus 1 1s automatically deter-
mined without blockage by the obstruction 2.

In the power supply apparatus 10 according to the present
embodiment, the position mformation acquisition unit 105
acquires position mformation transmitted from the obstruc-
tion position detection apparatus 11, which detects the
position of the obstruction 2.

With this configuration, the power supply apparatus 10
according to the present embodiment 1s capable of control-
ling the directivity of the power supply antenna 10a 1n
consideration of the actual position of the moving obstruc-
tion 2.
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In the above-described embodiment, the position infor-
mation acquisition umt 106 acquires the position mforma-
tion transmitted from the obstruction position detection
apparatus 11. However, the position information acquisition
unit 1006 may acquire position mnformation indicating the
position of the obstruction 2 by any other method. FIG. 10
illustrates an example of a configuration of a power supply
system 200 according to another embodiment.

As 1llustrated 1n FIG. 10, 1n the power supply system 200,
a programmable logic control unit (PLC) 20 1s connected to
the power supply apparatus 10. More specifically, in the
configuration example illustrated 1n FIG. 10, the PLC 20 1s
connected to and between the obstruction position detection
apparatus 11 and the power supply apparatus 10. It 1s to be
noted that the connection between the PLC 20 and the power
supply apparatus 10 may be a wireless communication
connection or a wired communication connection.

The PLC 20 i1s an obstruction control apparatus that
controls the movement of the obstruction 2 in accordance
with a control flow set 1n the PLC 20. In the control flow,
control information indicating how to move the obstruction
2 1 terms of time 1s defined. With this configuration, by
referring to the control mformation of the control tflow, the
position of the obstruction 2 at a certain point of time can be
identified.

In the configuration example illustrated in FI1G. 10, during
the supply of power, the PLC 20 refers to the control
information of the control tlow (based on the control of the
obstruction 2 by the PLC 20), and 1dentifies the position of
the obstruction 2 at a certain point of time. Then, the PLC
20 1dentifies the position as time passes, and continuously
transmits position information indicating the 1dentified posi-
tion to the position mformation acquisition unit 105. Thus,
in the example illustrated i FIG. 10, the power supply
apparatus 10 (position information acquisition unit 105)
acquires the position information transmitted from the PLC
20, which controls the movement of the obstruction 2. It 1s
to be noted that although the transmission source of the
position mmformation 1s different between the power supply
system 100 and the power supply system 200, the other
configurations and the operations described with reference
to FIG. 3 and FIG. § are the same between the power supply
system 100 and the power supply system 200.

Thus, the power supply apparatus 10 illustrated 1n FIG. 10
1s capable of, without detecting the actual position of the
obstruction 2, dynamically controlling the directivity of the
power supply antenna 10a using the position information of
the obstruction 2 included 1n the control tlow of the PLC 20.

In the example illustrated in FIG. 10, the position infor-
mation acquisition unit 105 1s capable of acquiring position
information not only from the PLC 20 but also from the
obstruction position detection apparatus 11 (for example, via
the PLC 20 or not via the PLC 20). However, for example,
in the power supply system 200 illustrated in FIG. 10, the
obstruction position detection apparatus 11 may be omatted.

Incidentally, while power 1s being supplied wirelessly, a
moving object (a moving obstruction) may intervene
between the power supply apparatus and the power recep-
tion apparatus. When an obstruction exists between the
power supply apparatus and the power reception apparatus,
the radio wave output from the power supply apparatus
toward the power reception apparatus 1s blocked. That 1s,
power supply processing 1s interrupted.

In light of the circumstances described above, the present
embodiment provides a power supply apparatus capable of,
regardless of the presence of a moving obstruction, prevent-
ing interruption of wireless power supply processing per-
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formed between the power supply apparatus and at least two
Oor more power reception apparatuses. The present embodi-
ment also provides a power supply system that includes the
power supply apparatus.

In order to solve the above-described problem, a power
supply apparatus according to a first aspect of the present
disclosure includes a power supply antenna, a directivity
control unit, a position information acquisition umt, and a
control unit. The power supply antenna 1s configured to emiut,
to a plurality of power reception apparatuses, a radio wave
that 1s based on a power supply signal. The directivity
control unit 1s configured to control directivity of the power
supply antenna. The position information acquisition unit 1s
configured to acquire position information indicating a posi-
tion of an obstruction moving between the power supply
antenna and at least one power reception apparatus of the
plurality of power reception apparatuses. Based on the
position information, the control unit 1s configured to deter-
mine a power reception apparatus, among the plurality of
power reception apparatuses, to which power 1s to be
supplied while avoiding the obstruction. The control unit 1s
also configured to control the directivity control unit to steer
the radio wave toward the determined power reception
apparatus.

With this configuration, the power supply apparatus 1s
capable of preventing, regardless of the presence of a
moving obstruction, interruption of wireless power supply
processing performed between the power supply apparatus
and the plurality of power reception apparatuses.

A power supply system according to a second aspect of
the present disclosure includes a plurality of power reception
apparatuses, a power supply apparatus, and an obstruction
position detection apparatus. The power supply apparatus 1s
configured to supply power wirelessly to the plurality of
power reception apparatuses. The obstruction position
detection apparatus 1s configured to make a detection of a
position of an obstruction moving between the power supply
apparatus and at least one power reception apparatus of the
plurality of power reception apparatuses. The obstruction
position detection apparatus 1s configured to transmit a result
of the detection to the power supply apparatus as position
information. The power supply apparatus includes a power
supply antenna, a directivity control unit, a position infor-
mation acquisition unit, and a control unit. The power supply
antenna 1s configured to emit, to a plurality of power
reception apparatuses, a radio wave that 1s based on a power
supply signal. The directivity control unit 1s configured to
control directivity of the power supply antenna. The position
information acquisition unit 1s configured to acquire position
information from the obstruction position detection appara-
tus. Based on the position mformation, the control unit 1s
configured to determine a power reception apparatus, among
the plurality of power reception apparatuses, to which power
1s to be supplied while avoiding the obstruction. The control
unit 1s configured to control the directivity control unit to
steer the radio wave toward the determined power reception
apparatus.

With this configuration, the power supply system 1s
capable of preventing, regardless of the presence of a
moving obstruction, 1mterruption ol wireless power supply
processing performed between the power supply apparatus
and the plurality of power reception apparatuses. The power
supply system 1s also capable of controlling the directivity of
the power supply antenna in consideration of the actual
position of the moving obstruction.

A power supply system according to a third aspect of the
present disclosure includes a plurality of power reception
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apparatuses, a power supply apparatus, and an obstruction
control apparatus. The power supply apparatus 1s configured
to supply power wirelessly to the plurality of power recep-
tion apparatuses. The obstruction control apparatus 1s con-
figured to perform control of movement of an obstruction
moving between the power supply apparatus and at least one
power reception apparatus of the plurality of power recep-
tion apparatuses The obstruction control apparatus 1s con-
figured to transmit, to the power supply apparatus, position
information indicating a position of the obstruction identi-
fied based on the control. The power supply apparatus
includes a power supply antenna, a directivity control unit,
a position mformation acquisition unit, and a control unait.
The power supply antenna 1s configured to emit, to a
plurality of power reception apparatuses, a radio wave that
1s based on a power supply signal. The directivity control
unit 1s configured to control directivity of the power supply
antenna. The position information acquisition unit 1s con-
figured to acquire position information from the obstruction
control apparatus. Based on the position information, the
control unit 1s configured to determine a power reception
apparatus, among the plurality of power reception appara-
tuses, to which power 1s to be supplied while avoiding the
obstruction. The control unit 1s configured to control the
directivity control unit to steer the radio wave toward the
determined power reception apparatus.

With this configuration, the power supply system 1s
capable of preventing, regardless of the presence of a
moving obstruction, interruption ol wireless power supply
processing performed between the power supply apparatus
and the plurality of power reception apparatuses. The power
supply system 1s also capable of dynamically controlling the
directivity of the power supply antenna by, instead of
detecting the actual position of the obstruction, using the
position of the obstruction identified based on the control of
the movement of the obstruction by the obstruction control
apparatus.

A power supply apparatus according to the present dis-
closure 1s capable of preventing, regardless of the presence
of a moving obstruction, interruption of wireless power
supply processing performed between the power supply
apparatus and at least two or more power reception appa-
ratuses.

Although the plurality of embodiments described above
can be implemented independently, 1t 1s also possible to
combine the embodiments with each other. Also, although
the various features in the different embodiments can be

implemented independently, 1t 1s possible to combine the
features 1n the different embodiments with each other.

DESCRIPTION OF REFERENCE

1 Power reception apparatus

2 Obstruction

10 Power supply apparatus

10a Power supply antenna

1056 Power reception apparatus determination unit

10¢ Processor

10c3 Directivity control unit

10c4 Power reception apparatus determination unit

104 Memory

11 Obstruction position detection apparatus

100, 200 Power supply system

D1 Correspondence relationship table

D2 Obstruction movement history information table (history
information table)
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The mnvention claimed 1s:
1. A power supply apparatus comprising;:
a power supply antenna configured to emit, to one or more
of a plurality of power reception apparatuses, a radio
wave that 1s based on a power supply signal;
a directivity control umt configured to control directivity
of the power supply antenna;
a position information acquisition unit configured to
dynamically acquire position information indicating a
position of an obstruction moving between the power
supply antenna and the plurality of power reception
apparatuses; and
a control unit configured to:
based on the position information, determine a power
reception apparatus, among the plurality of power
reception apparatuses, to which power 1s to be sup-
plied based on the position the obstruction; and

control the directivity control unit to steer the radio
wave toward the determined power reception appa-
ratus; and

dynamically change the determined power reception
apparatus as a result of detection of movement of the
obstruction between the power supply antenna and
the plurality of power reception apparatuses.
2. The power supply apparatus according to claim 1,
further comprising a memory storing a correspondence
relationship table showing a relationship between the posi-
tion of the obstruction and an 1dentifier of a power reception
apparatus, among the plurality of power reception appara-
tuses, that corresponds to the position,
wherein after the position information acquisition unit has
acquired first position nformation indicating a {first
position of the obstruction, the position nformation
acquisition unit 1s configured to acquire second infor-
mation indicating a second position of the obstruction
that has moved, and
wherein upon the position information acquisition unit
acquiring the second position mnformation, the control
unit 1s configured to:
with reference to the correspondence relationship table,
determine an identifier of a power reception appara-
tus, among the plurality of power reception appara-
tuses, that corresponds to the first position 1dentified
by the first position information; and

control the directivity control unit to steer the radio
wave toward the power reception apparatus having
the determined 1dentifier.

3. The power supply apparatus according to claim 1,
wherein the position information acquisition unit 1s config-
ured to acquire the position information such that the
position information i1s transmitted from an obstruction
position detection apparatus configured to detect the position
of the obstruction.

4. The power supply apparatus according to claim 1,
wherein the position mnformation acquisition unit 1s config-
ured to acquire the position information such that the
position information 1s transmitted from an obstruction
detection apparatus configured to detect movement of the
obstruction.

5. A power supply system comprising:

a plurality of power reception apparatuses;

a power supply apparatus configured to supply power
wirelessly to the plurality of power reception appara-
tuses; and

an obstruction position detection apparatus configured to:
make a detection of a position of an obstruction moving

between the power supply apparatus and at least one
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power reception apparatus of the plurality of power
reception apparatuses; and
transmit a result of the detection to the power supply
apparatus as position mnformation,
wherein the power supply apparatus comprises d
a power supply antenna configured to emit, to the

plurality of power reception apparatuses, a radio
wave that 1s based on a power supply signal,

a directivity control umt configured to control direc-
tivity of the power supply antenna,

a position iformation acquisition unit configured to
acquire the position information from the obstruction
position detection apparatus, and

a control unit configured to:
based on the position information, determine a

power reception apparatus, among the plurality of
power reception apparatuses, to which power 1s to
be supplied while avoiding the obstruction; and
control the directivity control unit to steer the radio
wave toward the determined power reception
apparatus; and
dynamically change the determined power reception
apparatus as a result of detection of movement of
the obstruction between the power supply antenna
and the plurality of power reception apparatuses.
6. A power supply system comprising:
a plurality of power reception apparatuses;
a power supply apparatus configured to supply power
wirelessly to the plurality of power reception appara-
tuses; and
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an obstruction detection apparatus configured to:

detect movement of an obstruction moving between the
power supply apparatus and at least one power
reception apparatus of the plurality of power recep-
tion apparatuses; and

transmit, to the power supply apparatus, position mnfor-
mation ndicating a position of the obstruction 1den-
tified based on the control,

wherein the power supply apparatus comprises
a power supply antenna configured to emit, to the
plurality of power reception apparatuses, a radio
wave that 1s based on a power supply signal,
a directivity control unit configured to control direc-
tivity of the power supply antenna,
a position mformation acquisition unit configured to
acquire the position information from the obstruction
control apparatus, and
a control unit configured to:
based on the position information, determine a
power reception apparatus, among the plurality of
power reception apparatuses, to which power 1s to
be supplied while avoiding the obstruction; and

control the directivity control unit to steer the radio
wave toward the determined power reception
apparatus; and

dynamically change the determined power reception
apparatus as a result of detection of movement of
the obstruction between the power supply antenna
and the plurality of power reception apparatuses.
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